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Abstract 
Changes in the contents and composition of dissolved amino acids and carbohydrates were 
monitored in different Phragmites australis tands in Germany. Four different reed clones 
planted in 1997 in a degraded fen area in ME-Germany were compared with respect o the 
seasonal development in the total amount of amino acids and sugars in the basal culm inter- 
nodes. The individual Phragmites clones showed significant differences in the absolute con- 
tent of both parameters indicating an influence of the genotype. Flooding affected the ratio of 
amino acids to carbohydrates within the reed clones. Plants grown in flooded parts of the fen 
area revealed a significantly higher total amino acid content together with a lower total con- 
tent of carbohydrates. 
Furthermore, the effects of extreme flooding on the content and composition of amino acids 
and carbohydrates in the basal culm internodes of Phragmites australis were studied in nine 
reed stands with different degrees of damage on Lake Constance. Shoots from extremely 
damaged reed stands were characterised by a significant decrease in the total content of car- 
bohydrates, an increase in the total content of amino acids and an increase in the share of 7- 
aminobutyric acid. These changes in the content and composition of carbohydrates and 
amino acids were discussed with respect to their value as stress indicators, such as for oxy- 
gen deprivation which causes a hypoxic metabolic state in Phragmites australis tands. 
Key words: Asparagine - common reed - dissolved amino acids - dissolved carbohydrates - 
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1. Introduction 
Common reed, Phragmites australis (CAv.) TRIM. ex 
STEUD. (Poaceae), is a widespread species in the temper- 
ate regions of the world (DEN HARTOG et al. 1989). It is 
an important component of the littoral zone in many 
freshwater ecosystems and is the dominating species in 
various wetland habitats. In contrast to North American 
wetlands where P. australis is expanding (CHAMBERS et 
al. 1999), in Europe a remarkable regress of reedbelts 
has been observed over the last 40 years on many lakes 
(OsTENDORP 1989). This observation has promoted ef- 
forts to elucidate the factors affecting the stability of 
reed stands. Recent investigations reflect upon a variety 
of approaches used in the assessment of the status and 
dynamics of reed stands (GI~SEWELL & KLOTZLI 2000). 
According to numerous tudies, there are different fac- 
tors that may contribute to the decreasing vitality of reed 
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stands (cf. OSTENDORP 1989; VAN DER PUTTER 1997; 
BR~X 1999), including changes in the water level (REA 
1996; SCHMIEDER et al. 2002), excessive mechanical 
damages (DINKA et al. 1995; OSTENDORe 1995), and re- 
duced oxygen supply to the roots and rhizomes (ARM- 
STRONG & ARMSTRONG 1990; BRIX et al. 1992). Oxygen 
deficiency in the underground organs affects the 
metabolism of the whole plant towards anaerobic pro- 
cesses (BRANDLE & CRAWFORD 1987). These shifts in 
central metabolic pools may also be reflected by 
changes in amino acid and carbohydrate metabolism 
(HALDEMANN & BRXNDLE 1988; KOHL et al. 1998; ROL- 
LETSCrmK et al. 1998). 
In this study, changes in the content and composition 
of dissolved amino acids and carbohydrates were moni- 
tored in different P. australis tands. There were com- 
pared (1) four different reed clones planted in 1997 in a 
degraded fen area in RE-Germany with respect to (i) the 
seasonal development in the total amount of amino acids 
and sugars in the basal culm internodes and to (ii) the in- 
fluence of different water levels at the planting area on 
the amino acid and carbohydrate patterns. Furthermore, 
(2) nine different reed stands on Lake Constance with 
three degrees of flood-damage were compared relative 
to the effects of an extreme flooding event on the content 
and composition of amino acids and carbohydrates in 
the basal culm internodes of P. australis. Based on these 
results (3) the aim of this study was to answer the fol- 
lowing question: Is it possible to use the amino acid and 
carbohydrate patterns as indicators of the aerobic/anaer- 
obic status of the metabolism of P. australis? 
2. Materials and Methods 
2.1. Study areas 
• Reed p lantat ion at a fen area 
In Biesenbrow/Uckermark (RE-Germany), 40000 m 2 of 
a degraded fen area were planted in 1996 and 1997 with 
about 50000 meristematically propagated plants of 9 dif- 
ferent reed (P. australis) clones (KoPPITZ et al. 1999a). 
At the fen area different water levels were applied (water 
level below ground or flooded with 10-30 cm water 
above soil surface). In this study, reed clones from the 
fen area planted in 1997 with a planting density of 4 
plants per m 2 were compared. Samples for amino acid 
and carbohydrate analysis were taken monthly from 
flooded and non-flooded parts of the fen in the vegeta- 
tion period of 2001 from four different reed clones: 
GreifA, GreifC, Parl and Ries. 
• Reed stands at Lake  Constance  
Lake Constance is the second largest pre-alpine Euro- 
pean lake and is characterised by broad reed belts and 
by almost natural annual water level fluctuations 
(B)iUERLE 1998). In May-June 1999 an extreme flood 
occurred at Lake Constance. The high water level cov- 
ered the first half of the growth period of P. australis. 
Many shoots, especially those of the lakeside aquatic 
reeds, were submersed. This stopped their growth and 
they died after a few weeks. No rehabilitation or recov- 
ery was observed between 1999 and the summer of 
2000 (SCHMIEDER et al. 2002; OSTENDORe t al. 2003). 
Five degrees of reed damage due to the extreme flood 
were defined by means of colour infrared aerial photog- 
raphy (see SCHMmDER et al. 2002). These ranged from 
G1 (not damaged) over G3 (significantly damaged) to 
G5 (extremely damaged). In September 2000, samples 
were taken from different stands (three in the G 1, G3 
and G5 group, respectively) atthe lakeside reed border 
of Lake Constance-Untersee for amino acid and carbo- 
hydrate analysis. 
2.2. Analyses of dissolved amino acids 
The basal culm internodes of five randomly harvested 
primary culms per P. australis tand were washed with 
deionized water, and immediately frozen in liquid nitro- 
gen. After freeze-drying at-20 °C, the samples were ho- 
mogenised in a swing-mill MM 2000 (Retsch, Ger- 
many) in liquid nitrogen. Approximately 70-80 mg of 
powdered samples were extracted three times with 80% 
(v/v) ethanol at room temperature according to Kot'e~rz 
et al. (2000, 2004). The extracted and filtered samples 
and standard mixtures of amino acids were derivatized 
with phenylisothiocyanate, andseparated and detected 
using a HPLC-system (Kontron, Germany: gradient 
pump system 525, autosampler 565, Sentry nova pak 
C 18 precolumn, Pico-Tag column for free amino acids 
(Waters Corporation USA, 3.9 x 300 ram), UV/VIS-de- 
tector 535 (at 254 nm), Pico-Tag ® method) as described 
in detail by KoPPITZ et al. (2000, 2004). The total dis- 
solved amino acids (TotAA) were given as the sum of all 
20 detected and quantified amino acids in/umol per 
gramm dry matter. 
2.3. Analyses of dissolved carbohydrates 
Free carbohydrates were determined using an aliquot of 
the 80%-ethanol extract prepared for the amino acid 
analyses. Ion-exchange-chromatography of soluble 
carbohydrates was carried out using a Dionex-system 
(Dionex Corp., Cal./USA: DX-100-ion-chromato- 
graph, pulsed amperometric detector (PAD), CarboPac 
PAl 250 x 4 mm column). Standard mixtures of sugars 
were used for identification and quantification of the 
samples. Total dissolved carbohydrates (TotCARB) 
were calculated as the sum of the detected and quanti- 
fied sugars. 
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Fig. 1. Mean absolute contents and patterns of dissolved amino acids (AA) in basal culm internodes of four different Phragmites australis 
clones planted in 1997 at a degraded fen area in NE-Germany and grown at different water levels (flooded/non-flooded). Means + 95% CL of 
total AA-content, n = 3-4. 
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2.4. Statistical analyses 
Statistical analysis was carried out using the software 
package STATGRAPHICS Plus 3.0. In order to test 
whether or not the various groups were significantly dif- 
ferent from one another, data were examined statistically 
using ANOVA followed by Newman-Keuls multiple 
range test (P < 0.05). Spearman rank correlation coeffi- 
cients were calculated using data from all reed stands 
and a level of significance P < 0.001. 
3. Results 
3.1. Differences in the content of dissolved amino 
acids and carbohydrates among reed clones 
in a plantation at a degraded fen in relation 
to water level 
The absolute content of dissolved amino acids (TotAA) in 
basal culm intemodes ofindividual clones planted in 1997 
at the degraded fen area revealed remarkable differences 
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Fig. 2. Mean absolute contents and patterns of dissolved carbohydrates (Carb) in basal culm internodes of four different Phragmites australis 
clones planted in 1997 at a degraded fen area in NE-Germany and grown at different water levels (flooded/non-flooded). Means + 95% CL of 
total Carb-content, n = 3-4. 
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Fig. 3. Seasonal development of absolute contents of dissolved amino acids and dissolved carbohydrates in basal culm internodes of four dif- 
ferent Phragmites australis clones planted in 1997 at a degraded fen area in NE-Germany and grown at different water levels (flooded/non- 
flooded). 
(Fig. 1). The mean content of amino acids (AA) was high- 
est during the outgrowth of tillers in spring, ranging from 
52 ktmol per g dry matter (DM) for clone GreifA to 136 
ffmol per g dry matter for clone GreifC. In summer, clone 
GreifA revealed the lowest TotAA of approximately 20
ffmol/gDM in comparison to about 60ffmol/gDM for 
clones GreifC and Ries. Plants grown in flooded parts of 
the fen area revealed a higher total content of amino acids 
than those in unflooded areas. In spring, clone GreifA- 
flooded contained 85/,tmol AA/gDM and GreifC-flooded 
190 ktmol AA/gDM. In summer, TotAA was 65 
ffmol/gDM for GreifA-flooded and 90 ffmol/gDM for 
GreifC-flooded. Amino acid composition was similar for 
all Phragmites-clones. Among the 20 detected amino 
acids only two - asparagine and glutamine - had a deci- 
sive share of approximately 50% and 15%, respectively, 
of the total content in any one month. 
Remarkable differences between the clones were also 
obvious for absolute contents of dissolved carbohy- 
drates (TotCarb), mainly the sum of glucose, fructose 
and sucrose, in basal culm internodes (Fig. 2). In May, 
the total content of carbohydrates ranged between 150 
(clone GreifC) and 310 (clone GreifA)ffmol/g dry mat- 
ter. Plants from the flooded parts of the plantation were 
characterized bya decreased sugar content of 105 (clone 
GreifC-flooded) and even as low as 77 ffmol/g DM 
(clone GreifA-flooded). During the outgrowth phase 
from May to June, the mean content of dissolved carbo- 
hydrates decreased with the lowest levels being reached 
in June/July. From August onward the amounts of sugars 
showed an increase. The changes in the relative content 
of sugars during shoot elongation were similar between 
the clones. Fructose and glucose represented ach about 
15 to 25 % of the total carbohydrates in the spring, but 
they were replaced uring outgrowth by sucrose, which 
accounted for approximately 90% of the total sugar dur- 
ing summer and autumn. 
In Fig. 3, the seasonal development in the absolute 
content of TotAA and TotCarb of the different Phrag- 
mites clones at the fen were compared. It is evident that 
flooding caused an increase in TotAA during the whole 
vegetation period together with an decrease in TotCarb. 
The proportion of TotAA to TotCarb showed a specific 
relation. TotAA:TotCarb ratios were significantly higher 
in flooded parts. In May, the TotAA:TotCarb ratio of 
GreifA-flooded versus GreifA was 1:0.9 versus 1: 5.9, 
and from June-September the GreifA-flooded ratio was 
2.5-times higher than that for GreifA. The TotAA:Tot- 
Carb ratio of clone GreifC-flooded was 1.8-times higher 
than that for GreifC during the whole season. 
3.2. Content of dissolved amino acids and 
carbohydrates of reeds with different 
degrees of damage on Lake Constance 
The total content and the composition of free amino 
acids (AA) in basal culm internodes of different P. aus- 
tralis stands were strongly affected by the degree of 
damage caused by the extreme flood at Lake Con- 
stance. The total content of amino acids within the 
shoots of the three undamaged reed stands G1-7, G1-8 
and G1-28 ranged between 24 and 63 ktmol per g dry 
matter (Fig. 4). The basal culm internodes of the sig- 
nificantly damaged stands G3-3, G3-21 and G3-26 
contained 34-67 ffmol AA/g DM. A significantly 
higher amount of 122-165 ffmol AA/g DM was found 
in basal culm internodes of the extremely damaged 
stand G5-23. 
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Fig. 4. Absolute contents and patterns of dissolved amino acids in basal culm internodes of shoots of Phragmites australis tands on Lake 
Constance with different degrees of damage in September 2000. 
GI' not damaged; G3: significantly damaged; G5: extremely damaged. 
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Fig. 5. Absolute contents and patterns of dissolved carbohydrates inbasal culm internodes of shoots of Phragmites australis tands on Lake 
Constance with different degrees of damage in September 2000. 
G l: not damaged; G3: significantly damaged; G5: extremely damaged. 
L imno log ica(2004)  34 ,37-47  
Effects of flooding on the amino acid and carbohydrate patterns of Phragmites australis 43 
O 
~0( 
3O( 
20~ 
10~ 
G1-7 
G1 G3 G5 
G1-8 
V-- 
G1-28 
;=+,:t  
i:::ifl 
' 24  
L ii! i-: ¸=';::¸ =¸4 m i ~:ii~::i 
G3-3 G3-21 G3-26 G5-23 
Fig. 6. Mean absolute contents of dissolved amino acids (TotAA) and carbohydrates (TotCarb) in basal culm internodes of Phragmites aus- 
trails stands on Lake Constance with different degrees of damage in September 2000. 
GI: not damaged; G3: significantly damaged; G5: extremely damaged. 
Differences were observed in not only the content but 
also the fractions of individual amino acids within the 
pool of free AA of the reed stands. Among the 20 amino 
acids detected inPhragmites of Lake Constance, the six 
AA asparagine; glutamine; glutamate; alanine; tyrosine, 
and ?-aminobutyric acid amounted to about 10% or 
more of total amino acids. Asparagine (ASN) contribut- 
ed one of the largest fractions to TotAA. It, on average, 
accounted for approximately 25% of the total AA frac- 
tion in both the undamaged and moderately damaged 
(G1 and G3) reed stands. Alanine (ALA) also made up 
more than 10% of the TotAA in all reeds. In contrast to 
G 1 and G3-stands, the main AA in basal culm internodes 
from extremely damaged reeds (G5) was not ASN 
(15%) but ~/-aminobutyric a id (GABA, 36%). Further- 
more, the GABA content was highly positively correlat- 
ed with the content of ALA (rs = 0.85), Proline (rs = 
0.88), and Serine (rs = 0.84). 
The total content of carbohydrates al o revealed is- 
tinctions between different P. australis tands on Lake 
Constance (Fig. 5). The amount of carbohydrates in 
basal culm internodes declined from 213-416 ktmol per 
g dry matter in the G1 reeds over 178-305 (G3 reeds) to 
79-114 ffmol per g DM in the G5 reeds. Sucrose was the 
main sugar and amounted toabout 90% of TotCarb at all 
reed stands. 
Fig. 6 shows the comparison of the mean absolute 
contents of dissolved amino acids and carbohydrates of 
the investigated Phragmites tands with different de- 
grees of flood damage at Lake Constance. In contrast to 
undamaged ormoderately damaged (G1 and G3) reed 
stands, the extremely damaged reeds exhibited a signifi- 
cant increase in TotAA and contrarily adecrease in Tot- 
Carb relative to the undamaged and moderately dam- 
aged reeds. The ratio of amino acids to carbohydrates 
was 1:6.4-10.8 for Gl-reed stands, 1:4.8 for G3 reed 
stands and 1: 0.6 for G5-reeds. 
4. Discussion 
The basal culm internode connects the vertical rhizome 
branch with the culm and, therefore, it can be used for 
detailed studies of the change in the free amino acid and 
carbohydrate content during the growing season to ob- 
tain information on the accumulation rdeprivation of 
the transport and storage compounds of C and N 
metabolism in the reed plants (cf. KonL & HENNING 
1987). 
Through comparisons ofthe amino acid and carbohy- 
drate patterns of different reed clones at the fen planta- 
tion, we found that these differed clearly. The individual 
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Phragmites clones showed significant differences in the 
absolute contents of both parameters indicating an influ- 
ence of the genotype. Furthermore, flooding affected the 
proportion of amino acids to carbohydrates within the 
reed clones. Plants grown in flooded parts of the fen area 
revealed a significantly higher total content of amino 
acids together with a lower total content of carbohy- 
drates. 
Waterlogged and flooded soils are usually anoxic. 
The diffusion of oxygen into flooded soils is very low 
due to the 10000 times higher diffusion resistance of 
oxygen in water than in air. Due to flooding, the air 
from soil pores is replaced by water and the remaining 
oxygen is quickly consumed by root respiration and 
microbial activity. In plant cells, oxygen participates in
more than 200 different reactions (HENDRY 1994; VAR- 
TAPETIAN & JACKSON 1997). Therefore, the oxygen de- 
ficiency is a severe stress for organisms because func- 
tions such as mitochondrial respiration, oxidation and 
oxygenation processes cannot ake place. Thus, the 
plants must ensure an alternative oxygen supply for the 
metabolism oftheir oots and rhizomes and establish an 
adequate metabolism under oxygen shortages. A well- 
developed aerenchyma,  system of interconnected 
large gas spaces, is a characteristic adaptation of 
Phragmites and other helophytes toensure internal aer- 
ation. Furthermore, P. australis exhibits the capacity to 
vent its underground tissue by pressurised gas-through- 
flow, to supply oxygen from the atmosphere to their 
roots and rhizomes, which grow in the flooded, anoxic 
sediment, and to remove microbial metabolic end- 
products (CH4, CO2) from the rhizosphere (ARM- 
STRONG & ARMSTRONG 1990; ARMSTRONG et al. 1994). 
Even with a well-developed system of gas spaces and 
an internal gas transport system, helophytes or wetland 
plants can suffer from oxygen deficiency (BR~,NDLE et 
al. 1996). Special metabolic adaptations enable plants 
to grow under different degrees of hypoxia or anoxia. 
In hypoxia-tolerant species, asufficient amount of ATP 
is produced by anaerobic fermentation. Compared with 
aerobic respiration, anaerobic fermentation is much 
less efficient in carbohydrate use. Larger amounts of 
carbohydrates are, therefore, required to meet he de- 
mands for metabolic energy under hypoxia. Access to 
an energy source, such as fermentable sugars, is a pre- 
requisite for survival in an oxygen-deprived nviron- 
ment (BARCLAY Be; CRAWFORD 1983; DINKA 
SZEGELET 1999; CIZKOVA et al. 2001). As a result, oxy- 
gen deprivation sets up an energy-consuming 
metabolism. This is supported by the results of this 
study, where the content of carbohydrates was found to 
be remarkably lower in the basal culm internodes of 
plants in flooded areas. These differences were espe- 
cially striking in spring, indicating alower pool of car- 
bohydrate resources for plants grown under hypoxic 
conditions. Different high rhizome carbohydrate r - 
sources were utilised to support spring shoot growth. 
The rhizomes were reloaded again during summer and 
autumn through basipetal transport of resources. The 
reloading of rhizomes with energy reserves began in 
August. Furthermore, the data indicate non-utilised 
carbohydrate r serves. These stores are needed to en- 
sure establishment of spring shoots when deep water or 
environmental events uch as high rhizome mortality 
during the winter, loss of spring shoots due to late frost, 
physiological stress as caused by extreme flooding or 
an infestation by insects increase the demand for re- 
serves. 
Assimilates produced in photosynthesis are sup- 
plied to the metabolic pool, from which they are parti- 
tioned between the sinks for different physiological 
roles. The main functions of the pool of carbohydrate 
reserves are to support seasonal regrowth and recovery 
after disturbance. The importance of sufficient carbo- 
hydrates for the survival of reed plants in littoral habi- 
tats increases with water depth. More carbohydrates 
are needed to support the growth of shoots throughout 
a deeper water column before photosynthesis can 
begin. The extreme flooding on Lake Constance in 
1999 lasted from mid-May until the end of June. The 
high water level covered the first half of the growth pe- 
riod of P. australis and many shoots were submersed. 
The results of our study displayed the accelerated con- 
sumption of carbohydrates in response to the flooding. 
Culm bases of extremely flood-damaged reed stands at 
Lake Constance xhibited a significantly lower total 
content of carbohydrates (with sucrose as the main 
sugar) than those from undamaged or moderately dam- 
aged stands. That is, in addition to the anaerobic 
metabolism of Phragmites in the littoral habitat, the 
long period of submergence of shoots caused an ex- 
haustion of carbohydrate r serves in extremely dam- 
aged reeds. A further aspect concerns the mechanical 
damages of shoots due to the flood. The oxygen supply 
to the below-ground parts of Phragmites may also be 
impaired by water level changes; by mechanical dam- 
ages of culms; by a loss of culms; by callus formation 
or by insect and fungal attack (ARMSTRONG et al. 
1996). Mechanical damages of reed may be a result of 
wave action, drifting matter, boating or flooding 
events. Due to the extreme flood at Lake Constance, 
many shoots were submersed orbroken, ceased grow- 
ing and died after a few weeks (SCHMIEDER et al. 2002; 
OSTENDORP et al. 2003). If culms are submerged or 
bent down below the water surface and are broken, the 
leaves are not able to photosynthesise. This causes a 
reduced transport of assimilates to the rhizomes and 
the oxygen supply to the underground organs is inhib- 
ited, causing ametabolic shift towards anaerobic pro- 
cesses. 
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Striking differences were also observed when com- 
paring the amino acid patterns of the investigated reed 
stands. The absolute contents of the amino acids of the 
different reed clones at the fen plantation were differ- 
ent, despite the similar site conditions (GENSIOR & 
ZHTZ 1999), which hints towards genotypical features 
of the different clones. For all clones, the content of 
amino acids was highest during outgrowth of shoots 
and decreased towards ummer. Amino acid composi- 
tion was found to be similar for all Phragmites-clones. 
Only two of the 20 detected amino acids - asparagine 
and glutamine - had a decisive share of 50% and 15%, 
respectively, of the total content for any month. These 
findings confirm earlier results that showed that as- 
paragine is the main storage and transport compound of 
the intermediate N-metabolism inP. australis (KOHL et 
al. 1998; ROLLETSCHEK et al. 1998; KOPPITZ et al. 
1999b). 
Flooding also affected the total content of amino 
acids within the reed clones. Plants grown in flooded 
areas of the fen area revealed a significantly higher total 
content of amino acids. This finding is assumed to be a 
result of the oxygen-shortage in the soil. The reduced 
oxygen supply of below-ground parts of the plants 
caused ametabolic shift towards anaerobic processes to- 
gether with changes in central metabolic pools in the 
plants, as discussed above. This shift also affects amino 
acid metabolism (KOHL et al. 1978, 1998; ROLLETSCI-mK 
et al. 1998). The limited oxygen supply leads to a de- 
crease in respiratory phosphorylation a d to an accumu- 
lation of glycolytic intermediates like ethanol and pyru- 
rate. Pyruvate and 3-phosphoglycerate may be trans- 
formed into amino acids by transamination. This leads to 
a weakening of the end product inhibition of the glycoly- 
sis so that the glycolytic metabolism is accelerated 
(Good & MUENCH 1993). Our findings agree with other 
investigations that showed that the concentration of
amino acids often increases when fermentation process- 
es are active (BERTANI et al. 1981; MENEGUS et al. 1984; 
KREUZWIESER et al. 2002). This increase represents a di- 
versification of glycolytic end-products and, therefore, 
an important survival strategy of plants growing in hy- 
poxic habitats (CRAWFORD 1978; HALDEMANN & BRAN- 
DLE 1986). 
Not only the content of carbohydrates but also the 
content of amino acids in basal culm internodes of dif- 
ferent P. australis tands was found to be strongly affect- 
ed by the degree of damage caused by the extreme flood 
at Lake Constance. Shoots from extremely damaged 
reed stands were characterised bya significant increase 
in the total content of amino acids. This result is consid- 
ered a reaction to the initial stress of the extreme flood- 
ing event, the long period of submergence of shoots and 
the strong flood-damage of reeds in addition to the 
anaerobic metabolism ofPhragmites in the littoral habi- 
tat. The effect of an increased AA-content in reaction to 
hypoxia was already discussed above. Stress may inten- 
sify this reaction. Results from other plant species up- 
port this assumption of a stress-induced increase in the 
free amino acid content (ZUSHI • MATSUZOE 1998; 
SIRCELIJ et al. 1999). 
Differences were observed not only in the content but 
also the fractions of individual amino acids within the 
pool of free AA of the reed stands at Lake Constance. 
These differences were especially striking for samples 
from extremely damaged reed stands (G5). In contrast to 
the reeds from the fen plantation, there were six AA 
amounting to about 10% or more, including alanine 
(ALA) in reeds on Lake Constance. Alanine is regarded 
to be a further fermentation end-product along with 
ethanol and lactate, and, therefore, is an indicator of 
anaerobic metabolism (RAWYLER et al. 2002). As- 
paragine was again one of the main amino acids, making 
up approximately 25% of the total AA content of prima- 
ry shoots at undamaged (G1) and obviously damaged 
(G3) reed stands, but only about 15% at extremely dam- 
aged reed stands (G5). G5-reeds were characterized bya 
significant increase in the share of ~/-aminobutyric a id 
(GABA) as a reaction to the flooding stress. ~/-aminobu- 
tyric acid is considered tobe a stress indicator. This non- 
protein amino acid was shown to accumulate under dif- 
ferent stress conditions in response to hypoxia, cold, 
salinity, and mechanical impact (STEWART & LARHER 
1980; WALLACE et al. 1984). Stress causing metabolic 
and/or mechanical disruptions may lead to cytosolic 
acidification and induce an acidic pH-dependent activa- 
tion of glutamate decarboxylase and, therefore, an en- 
hanced GABA synthesis rate (KINNERSLEY & TURANO 
2000). Under oxygen deprivation, the primary stress fac- 
tor in flooded soils, there can occur a strong decline in 
cytosolic pH (ROBERTS et al. 1992; CRAWFORD et al. 
1994) and this stress induces the greatest accumulation 
of GABA, as also found in our study. Additional stress- 
factors uch as the mechanical damage to the surviving 
shoots or an infestation of insects may strengthen this ef- 
fect (cf. KOPPITZ et al. 2004). 
The present investigations showed that flooding af- 
fected the ratio of amino acids to carbohydrates in the 
basal culm internodes of P. australis. Plants from differ- 
ent reed clones planted in 1997 at a degraded fen area 
and grown in flooded areas revealed a significantly 
higher total content of amino acids together with a lower 
total content of carbohydrates than plants from non- 
flooded areas. As an effect of extreme flooding during 
May and June in 1999 at Lake Constance and the result- 
ing flood damage to lakeside reeds, analysis of basal 
reed culm internodes revealed asignificant increase in 
the total content of amino acids and a decrease in the 
total content of carbohydrates. Reeds from extremely 
damaged reed stands were additionally characterised by
Limnologica (2004) 34, 37-47 
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an increase in the amino acid ~/-aminobutyric acid 
(GABA), indicating oxygen deprivation. This hints to an 
impairment of flooding on the metabolism of reeds. 
Changes in the amino acid-carbohydrate-pattern can 
be used as stress indicators, such as oxygen deprivation 
which causes a hypoxic metabolic state in P. australis 
stands. The TotAA/TotCarb ratio may be used as a valu- 
able decisive parameter to indicate which reed stands are 
under stress, as indicated by an increase in the 
TotAA/TotCarb ratio. 
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